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SUMMARY

- Forxr Trinational activities it is necessary eventually to agree on form

of acquisitioﬁ‘modelling to be used for system assessment. Two tyﬁes
of modelling are available, MRTD/Johnson criteria or ORACLE/CYCLOPS.

Also two distinctly different types of assessment are necessary -

cocparison of existing.systemé and sﬁecification of future systems to
meet GST's.  The report discusses the relative status of the models,

_and the requirements of models to fulfil the two tasks. It is concluded

that a form of MRTD modelling, starting from either an NVI-based or
ORACLﬁfbased foundation, is adequate for routine comparisoﬁ‘of existing
sysiems. Fox syc:ifibatiou of future systems a much msreviigorou;,
approach is necessary, involving search and peripheral vision. 3Such an
approach is indicated to be available through the B.Ae.D. suite of visual

performance models. |
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meant to be used in conjunction with ORACLE/CYCLOPS.
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IITHODUCTION.

For Trinational activities an eventual agreement has tc be reached on
forms of acquisition modelling to be used for system assessment. Two
types of modelling approach are potentially available - MRTD (for thermal
imageé) or equivalent bar‘paftern response togetiher with the Johnson
criteria (Ref.1), or the B.ie.D. ORACLE/CYCLOPS zpproach (e.g. Ref.2).
Also two distinctly different applications of meédelling are neéessary -
ccmpaiison of existing systems and specification of future systems to
meet G.S.T.'s.

STATUS OF MOIELS
The status of the models is as follows :-

i) The MRTD approach, in particular, has been exzployed by a variety of
laboratories, with the result that many facilities exist for both ' '
computation and.measurement. The ORACLE/CYCLOPS approach has been limited
in practical use to B.Ae.D. and RARIDE in the UK. It normally relies for

input on objective system performance measures - MTF, NETD, gain.

ii) The MRTD approach relies on the accuracy ané¢ universality of the
Johr.son criteria to'rela;e it to practical field thresholds.’ It also
assumes that in field use either the temperature window is very small,
thus yielding a high display noise level or that performance is not

affected by display gain. The latter of these assumptions most certainly
is not true for low gain settings, whilst the. former is unlikely to be

always a convenient field situation. The ORACLE/CYCIOPS approach permits
prediction of field performance as a function of gain settings, etc. but

" relies on a value of part perimeter for interrogation which gets smaller J:

for hiéner.order taska. The main'limifétion is in the accuracy to which
the part perimeter for a given task can be specified.  Facilities are
availadble for detailed exploration of critical feature information

Atransmission_to:the perceptual levels of the cortex through the matrix

processing model VISIVE and variants (e;g. Refs..B &L). ‘These are

+
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iii)' The Johnson criteria are claimed to have been validated in a range

of studies by NVL, but no details can be ocbtained on the range of equipment
and equipment settizigs used in the validation studies nor on the actual
spread of results. Some predictions of practical results using MR'.[‘D/Johnson
criteria produce markedly low values. .Fart perimeter values for ORACLE/
CYCLOPS have only received very limited validation.

iv) The MRTD approach is limited, by definition, to foveal interrogation-
tasks, The ORACLE/CYCLOPS approach is applicable to a wide range of visual
tasks, provided that they can be specified adequately. IMRTD!s ¢an be
predicted using a modified form of ORACLE. ' Equally, if of any value, ORACLE
may be used to compute effective MRID's for other than foveal viewing and

~

Tooo low display gelr zettingz.

v) It is suspected, although ca.nnof be proven, that the Johnson criteria
were set up using displays with prdminent rasters. .For aperiodic objects
thig would tend to destroy visual information, whereas for bar patierns
with bars orthogonal tb ‘the raster there would be little degradation.

The ORACLE/CYCLOPS model cumntiy assumes a non-visible raster. Work is
in progress to attempt to provide a raster degradation.factor (although we
vise against use of visible raster where possible since opt.ﬁnm
transfer is obtained wi*lth é, Just imperceptible ragter -

» Bef.5).

"~ performance across the displays is considered and provide that . there are

fferences in raster structure. In gemeral for similar rasters
ving an overall superior MRTD will perform best in all situations.

of applications, For systems having very different raster

‘presentaﬁians the MRTD alone cannot. be considerad an adequa.te compaxrative

measure since it only erplons perfomance orthogonal to the rasters.
If MBTD is: uufficient then it mav ba eal mnlahqd amallv wil he anv. vawiant_
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For purposes of assessing the absolute performance of future systems, or

- for designing systems to meet a GST, a much wider scale of modelling must

be employed. In general this will involve both absolute predictlions of

foveal performance and prediction of defined search performance.

Foveal performance may be approached via MRTD aﬁd Johnsbn criteria provided
that the latter are believed and assuming a high display gain setting.
Alternatively it may be approached u;ing ORACLE, including allowance for
variable display gein, provided thé.‘llz part perimeter values may be believed.
Work is currently in progress to establish the accuracy and universa.lity of
part ﬁerimeter valuzs currently employed and to establish the magnitude and

form of information suppression due to visible raster.

The prediction of defined search performance must involve peripheral viSion,

single-glimpse visual performance and such factors as interaction of

- distributed display quality, ocene structure and peripheral vision. The

ORAL.L/C"CIDPS fom of vision modelling, backed up by search modelling
concepts (Ref 7) and the VISIVE grodup of matrix neural processing models,
has been specifically developed to handle such situations. In order to be
used to predict field performance in specified search situations it may be
tailored to take as inpufs either objective system performance measu.r‘esl such
ag MIF, NETD, system gain, etc. or mixed performance measures includig MRTD,
In the latter case, since the whole concept of the basic ORACLE wodel is
related to the detection of luminance difference signals (which contain '
information distributed throughout frequency space), the only Toute from
MRTD to field performance is via prediction of system MIF, then to area
under the MIF (the Fourier tra.nsfom of the peak strength of the system line

' spreed function) and hence to the threshold function for aperiodic objects.

The apparently much simpler route frequently used from MRTD through the
Johnson criteria is believed to be ouly an approxamation wluch y:.elds
reagonable predictions due to a fortunate similarity in progressive function
form of the MRTD curve and the contrast/reciprocal'nze curve for aperiodic
objects over a limited range of intermediate frequencies {reciprocal sizes).

- Attempts to simplify the CRACLE equation for such intemed.xate cond.:.t:.ons

result either in dangerous over-eimplifi,cation, with attendant severe
l.mutations on applicability,or in simplified but still somewhat comnlxcated

© . formulations. Since for fixed viewi.ng conditisms, retinal position, etc,
the basic ORACLE qquati on is rqa.dily aolqu by means of a very smplg computer .
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An alternative capability of the ORACLE/CYCLOPS concept for future system
assessment is to turnm the model inside out such that a defined set of field
requirements are put in and the equations finally solved for such factors

as MFF, NETD, etc.. In this way an envelope of objective limifing performance
figures (MIF, NETD, magnification, display field of view, etc. ) may be
generated to suit any given design aim (see Ref.8).

CONCLUSIONS

It may b2 concluded that for comparison of existing systems having similar
rastersl the application of MRTD as a direct relative measure of goodness may
be adequate provided.that due attention is paid to distributed perfémance.
Fer absolute predictions of performance of futwv oysiems i ine design slage,
or for specification of bounds of sighting system performance to meet a

given GST, a much more versatile modelling acknowledging both peripheral
performance and search is required. The ORACLE/CYCLOPS approach has been
developed for just such situations. This approach is continuously being_
updated and refined and can, if necessary, be used not only to predict

field performance but also ‘to predict METD. .It may be employed starting

with either objective. input such as MTF and NE'I'D or subjective inputs such

as MRTD. For compa.rison »f systems having very differenf raster présentétion’s |
the MRTD approa.ch is J.nadequate and the ORACLE/CYCIDPS approach is in need

of a re“:.nement to allow i‘ully for raster effects.
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